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Original Research Article

Impact of toasted Cajanus cajan L. (Fabaceae) seeds and arginine/polyamine-enriched meals on the growth metrics of Oryctolagus cuniculus L. (Leporidae)

ABSTRACT
	Aims: This study aims to assess the growth performance of rabbits fed toasted pigeon pea seeds as a substitute to maize and soya bean meal with arginine supplementation diets.  
Place and Duration of Study:  The study was carried out at the rabbit unit of IRAD Ekona-Cameroon, from February to March 2024.

Methodology: Forty-eight mixed breed rabbits averaging 608.00 to 805.50g were allocated to eight experimental diets (n=6) whereby, the toasted pigeon pea seed meal (TPSM), substituted maize and soya bean meal at 0%, and 50% while increasing levels of L- Arginine (0, 0.1, 0.2, and 0.3 %) were added to the pigeon pea basal diet and the standard diet as a replacement of kaolin. Feed intake and weight gain were monitored.  At the end of the 8th week, five rabbits from each treatment were randomly selected and sacrificed. Blood samples were collected for total protein analysis. During evisceration, the visceral organs and the cut parts were weighed. The cost/kg weight gain, cost differential and relative cost advantage were calculated.
Results: Results revealed that there were no significant differences in the average daily feed intake, the average daily weight gain, average daily growth rate, and the average weekly feed conversion ratio. There was a significant difference (P< 0.05) in the value obtained for carcass among the treatments compared to the control (T1). T2 (50% TPSM+0% Arg) had the best cost/kg weight gain and cheaper cost in the diets to produce rabbits compared the other treatments, Conclusion: Toasted pigeon pea seed meal and arginine supplementation possess good dietary protein quality for optimal growth of rabbits and can be incorporated in the rabbit’s diets up to (50% TPSM+0.3% Arg) inclusion levels without any detrimental effects on the performance of rabbits. Treatment (T3) (50% TPSM+0.1% Arg) had the best performance and could be recommended.
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1. INTRODUCTION 
Rabbits (Oryctolagus cuniculus) are suitable as meat producing livestock because of attributes like small size, short generation interval, high reproductive potential, rapid growth rate, ability to utilize forages, agricultural and agro-industrial by-products as their major diet components (Etchu et al., 2012; Abubakar et al., 2023) and they are efficient converters of grains to meat (OIabanji et al., 2007;  Ibitoye et al., 2020). The domestic rabbit is therefore an important non-ruminant herbivore for meat production that can help to supply inadequate protein intake and requirement for the ever-increasing human population. Increasing cost of commercially produced feeds, arising mainly from the high cost of feedstuffs, especially the conventional ones like cereal grains, oils seed cakes and fish meal is one of the major constraints towards increased animal protein in Sub-Saharan Africa (Amaefule and Obioha, 2005; Amole et al., 2022).

Soya bean meal has been widely and successfully used as a protein source in the diets of livestock, but the price in recent times has been escalating continuously while availability is often erratic. Also, maize is one of the most important food commodities produced in Cameroon which man and livestock are highly competitive (Tabot et al., 2017).  Therefore, researchers have advocated the need to explore the use of non-conventional feed sources that have the capacity to yield the same output as conventional feeds and perhaps at cheaper cost in the diets of livestock  (Ufele et al., 2013; Mouchili et al. 2019).

Pigeon pea (Cajanus cajan) seeds constitute one of the non-conventional feedstuffs being developed as an alternative to maize, soya bean meal or groundnut cake in animal feed (Amaefule et al., 2006). Pigeon pea is also grown in Africa and has been suggested to be one of the Africa’s drought- tolerant grain legumes (crop) (Ayenan et al., 2017).  It serves both as a food and a forage crop. It is a rich protein and energy source, with crude protein (CP) content varying from 12 to 32% (Amaefule and Onwudike, 2000) and metabolisable energy (ME) varying from 2484.66 to 2886.30 Kcal/kg DM.  It is particularly rich in sulphur, amino acids like methionine and cysteine, 57.3-58.7% carbohydrates, 1.2- 8.1% crude fibre and 0.6-3.8% lipids (Thu et al., 2023). The proximate composition of pigeon pea presents it as a crop for dual nutritional use- energy and protein source in the diets of livestock.

But pigeon pea seeds contain anti-nutritional factor (ANFs) which limits their use in monogastric animal feeding (D’Mello, 1998;  Priyanka et al., 2024), affect growth and performance of livestock in the raw state (Banti and Bajo, 2020; Purohit et al., 2023). Anti-nutritional factors are compounds mainly organic, which when present in a diet, may affect the health of the animal or interfere with normal feed utilization (Abu Hafsa et al., 2022). Ingestion of feed containing such substances also induces in some cases, chronic intoxication and in others interferes with the digestion and utilization of dietary protein and carbohydrate, and interferes with the availability of some minerals, thus feed efficiency and growth rate, abnormalities in weights of liver and kidney would be observed (Abhishek et al., 2019).

Processing methods such as dehulling, toasting, boiling in water, soaking in water and mechanically decortication of the seeds does not completely eliminate ANFs but help to reduce their concentrations to tolerable level in the diets of livestock, improve nutrient utilization and crude protein retention. 

Arginine (Arg)  is a limiting amino acid (AA) in corn and soy meal-based diets (Berres et al., 2010) and is one of the most essential, functional and versatile amino acids (AA) in animal cells (Wu and Morris Jr 1998; Murakami et al., 2012). Arginine requirements in most mammalian species are met by dietary intake and endogenous synthesis (Teixeira et al., 2002).  Essential for young animals like birds in the starter phase since the urea cycle is not functional. They cannot synthesise Arg de novo and thus are dependent of dietary supply of this AA. It is required for the synthesis of several compounds such as ornithine, polyamines (spermidine, spermine, and putrescine), protein, creatine, proline, and nitric oxide (NO). Arginine is also a powerful secretagogue, increasing the release of insulin, and growth hormones in the blood (Murakami et al., 2012). Also considered nutritionally important for growth and development of small intestinal and colonic mucosa. Inadequate intake of dietary Arg are typically associated with impaired spermatogenesis, alteration in the urea cycle causing orotic aciduria and transitory hyperammonemia and dramatic reductions in tissue and circulatory levels of Arg and or ornithine (Teixeira et al., 2002).

Nutrition plays a major role on enhancing growth and reproductive efficiency in all animals. Energy and protein are the major nutrients required in the greatest amounts and should be in the topmost priority in order to optimize growth and reproduction. 

The formulated diets were fed to the animals to evaluate their effects on the feed intake, feed efficiency, growth rate, blood parameters, carcass characteristics and cost effectiveness of producing rabbits.

2. material and methods 
Study site 

This study was carried out at the rabbit unit of the Institute of Agricultural Research for Development (IRAD) at Regional Research Centre in Ekona, the South West Region of Cameroon.  It is located at longitude: 040 12’ 799’’N and latitude: 0090 12’ 921’’E, at an altitude of about 400m above sea level. It has an average annual rainfall of 2284mm and a humid tropical climate with an average annual humidity of about 90%.

Collection and processing of pigeon pea seeds

The pigeon pea seeds were harvested from IRAD Ekona forage farm, South West region of Cameroon by hand picking. The pods were dried under the sun for one week, put in a bag and beating to release the seeds. The seeds were toasted in an electrical oven at a temperature of 700C for 24 hours before milling using a grinding mill.

Formulation of experimental diets.
Upon determination of the nutrient composition of toasted pigeon pea seed meal, eight diets were compounded whereby, the toasted pigeon pea seed meal (TPSM) substituted maize and soya bean meal at 0%, and 50% while increasing levels of supplementary Arginine were obtain by adding L- Arginine   HCl (0, 0.1, 0.2, and 0.3 %) to the pigeon pea basal diet and the standard diet as a replacement of the inert component kaolin (table 1). Experimental rations were almost iso-caloric-iso-nitrogenous.

Chemical Analysis

The experimental diets and toasted PSM were analysed for proximate composition, using the standard methods of the Association of official Analytical Chemist (AOAC) (2000).

Experimental animals, design and management 

Forty-eight weaner rabbits, aged 7-8 weeks and average weight ranging (608.00 - 805.50g), were allotted to the eight experimental diets in a completely randomized block design (CRBD), 6 rabbits per treatment. and two rabbits housed in a hutch of 80cm by 60cm.  The rabbits were balanced for weight and sex among diets and were identified using ear tags while antibiotic, dewormer, and anti-stress were administered before the study commence to maintain the rabbits in good health.

The animals had an adaptation period of 7 days. Feed and water were offered ad libitum. Fresh forages (sweet potatoes, vine Ipomoea batatas and elephant stalk Pennisetum pupurum were harvested wilted for 24 hours, fed alternatively in equal quantities (150g/day) as supplement to the diets during the period of study. The experiment ran for 8 weeks.

Table 1: Ingredient composition of experimental diets.

	Ingredients
	% Composition in feed

	
	T1
	T2 
	T3 
	T4 
	T5 
	T6
	T7
	T8

	Maize
	35.00
	  26.25
	  26.25
	  26.25
	  26.25
	  35.00
	  35.00
	  35.00

	Soya bean cake (SBC)
	14.00
	  10.50
	  10.50
	  10.50
	  10.50
	  14.00
	  14.00
	  14.00

	TPSM
	  0.00
	  12.25
	  12.25
	  12.25
	  12.25
	    0.00
	    0.00
	    0.00

	Wheat bran (WB)
	20.00
	  20.00
	  20.00
	  20.00
	  20.00
	  20.00
	  20.00
	  20.00

	Palm kernel cake (PKC)
	20.00
	  20.00
	  20.00
	  20.00
	  20.00
	  20.00
	  20.00
	  20.00

	Groundnut cake (GNC)
	  6.00
	    6.00
	    6.00
	    6.00
	    6.00
	    6.00
	    6.00
	    6.00

	Fish meal (FM)
	  2.00
	    2.00
	    2.00
	    2.00
	    2.00
	    2.00
	    2.00
	    2.00

	Inert (kaolin)
	  0.50
	    0.50
	    0.40
	    0.30
	    0.20
	    0.40
	    0.30
	    0.20

	L-Arginine
	  0.00
	    0.00
	    0.10
	    0.20
	    0.30
	    0.10
	    0.20
	    0.30

	Bone meal
	  2.00
	    2.00
	    2.00
	    2.00
	    2.00
	    2.00
	    2.00
	    2.00

	vitamin/mineral premix
	  0.25
	    0.25
	    0.25
	    0.25
	    0.25
	    0.25
	    0.25
	    0.25

	Common salt
	  0.25
	    0.25
	    0.25
	    0.25
	    0.25
	    0.25
	    0.25
	    0.25

	Total
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00

	
	Calculated values

	CP (%)
	20.20
	19.90
	19.90
	19.90
	19.90
	20.20
	20.20
	20.20

	ME (Kcal/kgDM)

	2289.20
	2264.18
	2264.18
	2264.18
	2264.18
	2289.20
	2289.20
	2289.20


 T1= Control (0% TPSM + 0% Arg), T2= 50% TPSM + 0% Arg, T3= 50%TPSM + 0.1% Arg, T4= 50%TPSM +0.2% Arg, T5= 50% TPSM + 0.3% Arg, T6= 0% TPSM + 0.1% Arg, T7= 0% TPSM + 0. 2% Arg and T8= 0% TPSM + 0.3% Arg. TPSM=Toasted pigeon pea seed meal, ME = Metabolisable Energy, CP = Crude protein, Arg= L-Arginine

Data Collection  

Each treatment feed was weighed weekly using an electronic scale (of capacity 5kg and error 0.5g) and kept in eight separate bags, one for each treatment feed. Each feed was constantly added in its corresponding feeder to maintain availability ad libitum. At the end of the week, the leftovers were weighed and subtracted from the total given, to determine the feed intake on a weekly basis. The average feed intake was recorded as the feed intake for each animal in the treatment.

The rabbits were weighed as individuals as well as in groups. The group weight was divided by the number of rabbits to obtain the average live weight per rabbit. The weighing of the rabbits was done at the beginning of the experiment and subsequently on weekly basis, usually early in the morning (8:00–9:00am). Average weekly weight gains were determined by subtracting each average weight measured at weekly interval from the previous week’s average weight. The daily growth rate was calculated by dividing average weekly weight gain by seven multiplied by 100.

Weekly feed conversion ratio was determined by dividing average weekly feed intake (FI) by average weekly weight gain. The weekly feed efficiency was determined by calculating the inverse of feed conversion ratio multiplied by 100. Weekly records were kept of morbidity, mortality and clinical disease symptoms.

Evaluation of carcass characteristics 

Five rabbits from each treatment were randomly selected at the end of the 8th week of the study, starved overnight to clear the gut and weighed. The rabbits were sacrificed by cervical dislocation. The tail close to the base was removed first then the feet and pelt. During evisceration, the internal organs and other contents of the viscera were removed and weighed using an electronic scale. Data on weight of carcass, skin, head, heart, liver, kidneys, spleen, lungs, stomach and intestine were recorded separately and immediately after slaughter. The dressed carcass and organ weights were express as percentage of the live weight.

Evaluation of total protein


During carcass evaluation, the thoracic region was rapidly dissected and blood samples collected through cardiac puncture. Part of it were collected (2mL) into heparin-free test-tubes which allowed coagulation and the subsequent collection of serum. Samples were preserved at 4oC ± 1. The serum was processed for total protein analysis (Ajayi et al., 2014; Prasanth et al., 2014).

Cost-Benefit Analysis

Cost of feed (cost per kg diet) was calculated on the prevailing cost of ingredients at the time the experiment was conducted. The cost of pigeon pea was calculated based on the cost of harvesting from the farm and the cost of processing. From the cost per kg diet, the total feed consumed during the whole period of the experiment and the total weight gain of the rabbits, the following were calculated:

Cost per kg weight gain (FCFA/kg) =[image: image2.png]Lost per B diet (Frs per kg) x Total feed consumed (k2)
Total weight gain (ke)




Cost differential (FCFA/kg) = Cost/kg weight gain of control diet–cost/kg weight gain of test diet

Relatively cost advantage (%) =[image: image4.png]Cost differential
e ——x100
Cost per ke weight gain of control




Data analysis

Data collected were analysed using the software GraphPad Prism version 9. Data were subjected to the analysis of variance (ANOVA), where data normally distributed on the Gaussian distribution table were analysed using a parametric test – Turkey-Kramer multiple comparison test, Kolmogorov and Smirnov test and where data departed from the normal distribution, results were further subjected to Duncan’s Multiple Range Test, Kruskal - Wallis test for separation of means at 95% confidence interval (P >0.05)

3. results and discussion
Results 

Proximate analysis of experimental ingredients and diets.

The results of the proximate analyses of raw pigeon pea seed meal, toasted pigeon pea seed meal and experimental diets (T1= Control (0% TPSM + 0% Arg), T2= 50% TPSM + 0% Arg, T3= 50%TPSM + 0.1% Arg, T4= 50%TPSM +0.2% Arg, T5= 50% TPSM + 0.3% Arg, T6= 0% TPSM + 0.1% Arg, T7= 0% TPSM + 0.2% Arg and T8= 0% TPSM + 0.3% Arg) as shown in table 2 revealed that, the dry matter was higher in the toasted PSM (90.06%) compared to the raw PSM (86.45%). The organic matter, Ash, ether extract, and crude fiber (95.10 - 95.13, 4.8 - 4.84%, 2.07 - 2.74% and 9.37 - 9.96%) respectively, was constant. While the crude protein (18.42%) was higher in toasted PSM than in raw PSM (16.94%). There was a slightly dropped in metabolizable energy of toasted PSM (from 3070.04-2983.61Kcal/kg DM).

The dry matter, organic matter, Ash, ether extract, and crude fibre were fairly constant in all the treatments, although there were insignificant fluctuations. The crude protein (21.23%) and metabolisable energy of the control (T1) (3265.15 Kcal/kg DM) was higher compared to the other treatments (T2, T3, T4, T5, T6, T7, and T8), crude protein ranges between (18.01-19.85%) and ME ranges between (3022.47-3158.49 Kcal/kg DM)

Table 2: Proximate analyses of raw pigeon pea seed meal, toasted pigeon pea seed meal and experimental diets.
	Samples 
	Dry matter %
	Organic matter % DM
	Crude protein % DM
	Ash

% DM
	EE (Fat) 

% DM
	ME KCal/kg DM
	Crude energy KCal/kg

 DM
	Crude fibre % DM

	RPSM
	86.45
	95.13
	16.94
	4.84
	2.74
	3070.04
	4421.61
	  9.37

	TPSM
	90.06
	95.10
	18.42
	4.80
	2.07
	2983.61
	4370.29
	  9.96

	Control T1 
	90.40
	94.15
	21.23
	5.81
	4.79
	3265.15
	4510.51
	  8.04

	T2
	90.39
	94.05
	18.47
	5.95
	4.75
	3125.41
	4355.12
	  8.59

	T3 
	89.99
	94.41
	18.01
	5.59
	5.05
	3108.62
	4562.55
	  9.61

	T4 
	90.18
	94.96
	19.85
	5.05
	5.94
	3022.47
	4619.94
	  9.79

	T5 
	89.66
	94.23
	18.08
	5.76
	4.46
	3158.49
	4435.34
	  9.03

	T6 
	90.30
	94.64
	18.55
	5.35
	5.05
	3138.24
	4523.51
	  9.80

	T7 
	89.51
	94.83
	19.62
	5.17
	4.73
	3051.02
	4538.69
	  9.68

	T8 
	90.23
	93.33
	18.03
	6.59
	5.46
	3102.58
	4489.37
	  9.85


PSM = Pigeon pea seed meal, Arg = L-Arginine, DM= Dry matter, EE= Ether extract, ME= Metabolisable Energy. T1= Control (0% TPSM + 0% Arg), T2= 50% TPSM + 0% Arg, T3= 50%TPSM + 0.1% Arg, T4= 50%TPSM +0.2% Arg, T5= 50% TPSM + 0.3% Arg, T6= 0% TPSM + 0.1% Arg, T7= 0% TPSM + 0.2% Arg and T8= 0% TPSM + 0.3%Ar

Effects of toasted pigeon pea seed meal and arginine/polyamine supplementation diets on the average daily feed intake (g) of weaner rabbits 
The data on table 3 shows that, there was no significant difference (P>0.05) in the average daily feed intake between the treatments and within the weeks for all treatments. The lowest feed intake (51.51g) was recorded in week two of T7 while the highest (145.43g) was recorded in week 6 of T3. The lowest average daily feed intake (81.84 ± 4.09) was recorded in T8 while the highest (113.4 ± 10.63) was recorded in T3
Table 3: Comparison of average daily feed intake (g) of rabbits fed toasted pigeon pea seed meal and arginine/polyamine supplementation diets

	Weeks
	Control

T1 (0% TPSM+ 0% Arg)
	Treatments

	
	
	T2 (50% 

TPSM+ 0%

 Arg)
	T3 (50%

TPSM+ 0.1% Arg)
	T4 (50%

TPSM+ 0.2% Arg)
	T5 (50% 

TPSM+ 0.3% Arg)
	T6 (0% 

TPSM+ 0.1% Arg
	T7 (0% TPSM+0. 2% Arg)
	T8 (0% TPSM+0.3% Arg)

	1
	72.81
	66.59
	72.37
	63.72
	66.12
	71.78
	67.88
	66.19

	2
	81.08
	60.77
	87.39
	59.75
	82.26
	56.77
	51.51
	68.61

	3
	81.08
	73.43
	83.42
	89.86
	98.68
	79.89
	60.14
	71.89

	4
	107.14
	116.14
	105.28
	83.01
	138.71
	93.71
	81.62
	80.57

	5
	91.93
	114.43
	128.36
	117.07
	126.47
	119.01
	119.43
	92.68

	6
	97.04
	128.43
	145.43
	132.21
	121.76
	114.43
	114.64
	93.04

	7
	101.93
	112.51
	137.21
	133.01
	142.01
	92.14
	127.28
	88.32

	8
	93.11
	116.01
	147.78
	123.78
	124.67
	125.64
	85.07
	93.39

	Mean 
	90.77±4.12
	98.54±9.48
	113.4±10.63
	100.3±10.62
	112.6±9.68
	94.17±8.58
	88.45±10.18
	81.84±4.09


TPSM = Toasted pigeon pea seed meal, Arg = L-Arginine
Effects of toasted pigeon pea seed meal (TPSM) and arginine /polyamine supplementation diets on the weight gain of rabbits
Table 4 revealed that there was no significant difference (P>0.05) in the average weekly weight gain between the treatments and within the weeks for all treatments. But there was a significant difference (P<0.05) in the average weekly weight gain between the treatments in week three to eight. The lowest weekly weight gain (52.50 ± 11.25g) was recorded in week eight of T5 while the highest (282.60 ± 41.63g) was recorded in week one of T1. The lowest average weight gain (134.00 ± 8.61g) was recorded in T4 while the highest (170.80 ± 11.08g) was recorded in T3. No treatment showed a constant average weekly weight gain during the period of the studies. 
Table 4: Effects of average daily weight gain (g) of rabbits fed toasted pigeon pea seed meal and arginine/polyamine supplementation diets

	Weeks
	Control

T1 
(0% TPSM+ 0% Arg)
	Treatments

	
	
	T2 
(50%TPSM+
0% Arg)
	T3 
(50%TPSM+
0.1% Arg)
	T4 (50%TPSM+ 0.2% Arg)
	T5 (50%TPSM+ 
0.3% Arg)
	T6 (0%TPSM+ 0.1% Arg
	T7 
(0%TPSM+ 
0.2% Arg)
	T8 
(0%TPSM+ 
0.3%Arg)

	1
	282.60±41.63
	187.00±26.96
	217.30±40.08
	216.20±23.11
	195.10±20.10
	215.80±30.21
	256.80±38.11
	209.60±26.46

	2
	153.00±14.74
	131.80±17.49
	147.00±27.64
	109.50±16.34
	131.00±28.65
	82.45±19.6
	141.20±24.49
	153.00±32.02

	3
	182.80±19.54
	172.80±8.32
	273.00±1.06**
	142.90±20.29
	231.40±21.61
	220.70±6.75
	228.60±19.64
	224.00±23.67

	4
	102.80±16.48
	  98.00±1.76
	124.00±5.29
	  77.00±2.121
	185.10±27.4***
	45±5.657*
	111.50±4.06
	102.10±9.06

	5
	135.80±11.16
	237.00±1.06***
	194.00±11.67**
	153.50±6.54
	164.30±19.27
	120.5±5.83
	179.60±16.84*
	160.50±2.88

	6
	  90.75±10.56
	173.00±14.85**
	175.50±10.08**
	  97.50±16.09
	  76.80±10.06
	123±32.53
	194.50±12.2***
	210.20±16.41***

	7
	136.30±27.35
	113.00±15.91
	  75.50±0.530
	167.00±10.25
	176.60±24.36
	165±13.44
	  61.50±1.237*
	   81.10±12.09

	8
	103.50±24.56
	102.30±19.93
	150.50±12.78
	  91.70±5.378
	52.50±11.25***
	155±66.47
	112.00±12.02
	138.80±15.48

	Mean
	148.40±11.29
	152.20±8.84
	170.80±11.08
	134.00±8.61
	154.00±11.24
	141.3±13.06
	163.00±11.99
	159.90±9.55


***p<0.001, **p<0.01, *p<0.05. Arg=L-Arginine TPSM = Toasted pigeon pea seed meal, Arg = L-Arginine
Effects of toasted pigeon pea seed meal (TPSM) and arginine /polyamine supplementation diets on the daily growth rate (%) of rabbits

Table 5 shows that, there was no significant difference (P>0.05) in the average daily growth rate (%) between treatments and within weeks. The lowest daily growth rate (0.49 ± 0.11) was recorded in week four of T6 while the highest (4.04 ± 0.59) was observed in week one of control (T1). Generally, week three of all the treatments shows the highest growth rate compared to the other weeks. The lowest mean daily growth rate (1.90 ± 0.12) was recorded in T4 while the highest (2.44 ± 0.15) was recorded in T3.
Table 5: Effects of daily growth rate (%) between treatments and within weeks of weaner rabbits fed toasted pigeon pea seed meal and arginine/polyamine supplementation diets

	Weeks
	Control 

T1 (0% TPSM+ 0% Arg)
	Treatments

	
	
	T2 (50%
TPSM+ 0% 

Arg)
	T3 (50%

TPSM+ 0.1% Arg)
	T4 (50%

TPSM+ 0.2% Arg)
	T5 (50% TPSM+ 0.3% Arg)
	T6 (0% 

TPSM+ 0.1% Arg
	T7 (0% 

TPSM+ 0. 2% Arg)
	T8 (0%

 TPSM 0.3% Arg)

	1
	4.04±0.59
	2.67±0.38
	3.10±0.57
	3.09±0.33
	2.79±0.29
	3.08±0.43
	3.67±0.54
	2.57±0.57

	2
	2.18±0.21
	1.88±0.25
	2.10±0.39
	1.56±0.23
	1.87±0.41
	1.18±0.28
	2.02±0.34
	2.19±0.45

	3
	2.61±0.27
	2.47±0.11
	3.90±0.01*
	2.04±0.29
	3.31±0.30
	3.15±0.09
	3.26±0.28
	2.68±0.62

	4
	1.47±0.23
	1.40±0.025
	1.77±0.07
	1.10±0.03
	2.64±0.39***
	0.49±0.11**
	1.59±0.058
	1.29±0.20

	5
	1.93±0.16
	3.38±0.01***
	2.77±0.16*
	2.19±0.09
	2.35±0.27
	1.72±0.08
	2.56±0.24
	1.97±0.31

	6
	1.29±0.15
	2.47±0.21*
	2.51±0.14*
	1.39±0.22
	1.09±0.14
	1.76±0.46
	2.78±0.17**
	2.68±0.40**

	7
	1.95±0.39
	1.61±0.22
	1.078±0.01
	2.39±0.14
	2.52±0.34
	2.36±0.19
	0.88±0.02*
	1.00±0.23*

	8
	1.24±0.42
	1.18±0.40
	2.15±0.18
	1.23±0.11
	0.63±0.20
	2.21±0.94
	1.60±0.17
	1.77±0.31

	Mean 
	2.09±0.16
	2.14±0.13
	2.44±0.15
	1.90±0.12
	2.18±0.16
	2.00±0.19
	2.33±0.17
	2.02±0.16


Data presented as Mean ± S.E.M, n=6.  Data was analysed using the ordinary One-way ANOVA followed by Turkey multiple comparison test; ***p<0.001, **p<0.01, *p<0.05 versus control T1 (0%TPSM + 0% Arg). Arg=L-Arginin

Effects of toasted pigeon pea seed meal and arginine/polyamine supplementation diets on feed conversion ratio (FCR) of weaner rabbits
Table 6 revealed that, there was no significant difference (P>0.05) in the average weekly FCR between treatments and within weeks. But there was a significant difference (P<0.05) in week three, four, five, six, seven and eight of all the treatments. The lowest mean FCR (4.38 ± 0.34) was observed in T8 while the highest (7.21 ± 0.98) was recorded in T5. 
Table 6: Effects of average feed convention ratio (FCR) between treatments and within weeks of weaner rabbits fed toasted pigeon pea seed meal and arginine/polyamine supplementation diets

	Weeks 
	Control 

T1 
(0% TPSM+ 0% Arg)
	Treatments

	
	
	T2 
(50%TPSM+ 0% Arg)
	T3
(50%TPSM+ 0.1% Arg)
	T4 
(50%TPSM+ 0.2% Arg)
	T5 
(50%TPSM+ 0.3% Arg)
	T6 
(0%TPSM+ 0.1% Arg
	T7
(0%TPSM+ 0. 2% Arg)
	T8 
(0%TPSM+ 0.3% Arg)

	1
	1.91 ± 0.15
	3.18 ± 0.56
	  2.58 ± 0.36
	  2.56 ± 0.38
	  2.87 ± 0.32 
	  2.93 ± 0.44 
	  2.34 ±0.33
	2.92 ±0.64

	2
	3.86 ± 0.33
	3.09 ± 0.33
	  4.16 ± 0.75
	  3.43 ± 0.19
	  4.04 ± 0.55
	  4.55 ± 0.66
	  2.56 ± 0.31
	3.21 ± 0.53

	3
	4.22 ± 0.67a
	3.00 ± 0.15abc
	  2.14 ± 0.01b
	  4.96 ± 1.01a
	  3.16 ± 0.37a
	  2.54 ± 0.07a
	  1.90 ± 0.17c
	2.42 ± 0.34a

	4
	8.16 ± 1.12a
	8.31 ± 0.15a
	  5.99 ± 0.27a
	  7.57 ± 0.20a
	  5.94 ± 1.19a
	15.61 ± 2.11b
	  5.17 ± 0.19a
	5.78 ± 0.57a

	5
	4.96 ± 0.53abc
	3.38 ± 0.01a
	  4.7 ± 0.29a
	  4.83 ± 0.21ac
	  5.80 ± 0.89bc
	  6.98 ± 0.34c
	  4.85 ±0.47a
	4.04 ± 0.07a

	6
	8.05 ± 1.02a
	7.36 ± 2.39abc
	  5.89 ± 0.34 abc
	10.76 ±2.02a
	12.16 ± 2.06a
	  8.24 ± 2.21abc
	  4.19 ± 0.27cb
	3.21 ± 0.27b

	7
	6.46 ± 1.25a
	7.60 ±1.17a
	12.75 ± 0.09b
	  5.66 ± 0.35a
	  6.16 ± 1.00a
	  4.04 ± 0.36a
	14.52 ± 0.28b
	8.52 ± 1.29a

	8
	7.71 ± 1.28ab
	9.72 ± 2.48ab
	  7.11 ±0.69ab
	  9.59 ± 0.57ab
	19.89 ± 4.21b
	10.14 ±4.53ab
	  5.58 ± 0.63a
	4.92 ±0.47a

	Mean  
	5.67 ± 0.43
	5.58 ± 0.57
	  5.59 ± 0.51
	  6.08 ± 0.51
	  7.21 ± 0.98
	  6.78 ± 0.89
	  5.07 ± 0.60
	4.38 ± 0.34


abc pairs with the same letter on the same row are not significantly different at the P>0.05. n= 6.  Arg=L-Arginine, TPSM=Toasted
Effects of toasted pigeon pea seed meal and arginine/polyamine supplementation diets on feed efficiency (FE) (%) of weaner rabbits
The results on table 7 shows that, there was a significant difference (P<0.05) among the treatments in week three, four, five, six, seven and eight. The lowest weekly FE (6.86 ± 0.86) was observed in week four of T6 while the highest (53.64 ± 3.40) was recorded in week one of T1 (control). There was no significant difference (P>0.05) on the mean FE (%). The lowest mean FE (21.51 ± 1.84) was observed in T4 while the highest (28.64 ± 1.89) was recorded in T8.
Table 7: Effects of toasted pigeon pea seed meal and arginine/polyamine supplementation diets on feed efficiency (FE) (%) between treatments.
	Weeks
	Control 
(T1)

 (0% TPSM+
 0% Arg)
	Treatments

	
	
	T2 (50% 
TPSM+ 0% 
Arg)
	T3(50%
TPSM+0.1% 
Arg)
	T4 (50%
TPSM+ 0.2% Arg)
	T5 (50% 
TPSM+ 0.3% Arg)
	T6 (0%
 TPSM+ 0.1% 
Arg)
	T7 (0% 
TPSM+ 0. 2% Arg)
	T8 (0%
TPSM+ 0.3% Arg)

	1
	53.64 ± 3.40
	36.01 ± 4.18
	42.15 ± 5.07
	42.41 ± 4.53
	37.01 ± 3.94
	37.88 ± 5.30
	47.28 ± 7.02
	39.57 ± 4.99

	2
	26.98 ± 2.59
	33.84 ± 2.96
	26.61 ± 3.71
	29.59 ± 1.86
	26.70 ± 3.01
	24.34 ± 3.49
	41.87 ± 5.91
	35.48 ± 5.60

	3
	25.90 ±2.78a
	33.62 ±1.62abc
	46.74 ± o.29b
	22.70 ± 3.23a
	33.50 ± 3.13a
	39.46 ± 1.21a
	54.31 ± 4.67c
	44.52 ± 4.70a

	4
	27.19 ± 12.56a
	12.01 ± 0.23a
	16.82 ± 0.71a
	13.25 ± 0.36a
	19.05 ± 2.82a
	6.86 ± 0.86b
	19.44 ±0.73a
	18.07 ± 1.61a

	5
	21.09 ± 1.73abc
	29.49 ± 0.17a
	21.59 ± 1.29a
	20.84 ± 0.89ac
	18.56 ± 2.18bc
	14.46 ± 0.70c
	21.48 ± 2.01a
	24.77 ±0.44a

	6
	13.37 ± 1.56a
	17.05 ± 2.91abc
	17.24 ± 0.98abc
	10.53 ± 1.74a
	  9.01 ± 1.18a
	15.85 ± 3.73abc
	24.24 ± 1.52cb
	32.27 ± 2.52b

	7
	19.08 ± 3.83a
	14.53 ± 2.14a
	  7.84 ± 0.06b
	18.03 ± 1.17a
	17.77 ± 2.45a
	25.49 ± 2.15a
	  6.89 ± 0.14b
	13.12 ± 1.95a

	8
	15.89 ± 3.77a
	12.59 ± 2.47ab
	14.54 ± 1.24ab
	10.55 ± 0.62ab
	  6.01 ± 1.29b
	19.12 ± 6.58a
	18.78 ± 2.00a
	21.38 ± 2.50a

	Mean 
	25.39 ± 2.41
	24.18 ± 1.81
	24.63 ± 2.21
	21.51 ± 1.84
	21.75 ± 1.83
	23.33 ± 2.05
	29.73 ± 2.78
	28.64 ± 1.89


abc pairs with the same letter on the same row are not significantly different at the P>0.05.
Effects of toasted pigeon pea seed meal and arginine/polyamine supplementation diets on Carcass and organs characteristics of weaner rabbits
The results presented in table 8 the effects of toasted PSM and arginine/polyamine supplementation diets on carcass and organs of weaner rabbits revealed that, there was a significant difference (P<0.05) on the dressed carcass (%) of all the treatments compared to the control (T1). The lowest dressed carcass (53.4 ±0.73) was recorded in the control (T1) while the highest (58.13 ± 0.34) was observed in T2 (50%TPSM+0% Arg.). Also, the treatments (T2, T3, T4, T5, T6, T7 and T8) that have TPSM and or Arginine recorded a better dressed carcass compared to the control. There was a significant difference (P<0.05) with the parts neck, fore limbs, chest back and spleen compared to the control. The results also revealed that, there was no significant difference (P>0.05) on the liver, kidneys, heart and lungs.
Table 8:  Effects of toasted pigeon pea seed meal and arginine/polyamine supplementation diets on Carcass and organs characteristics of  rabbits
	Parameters
	Control

T1

 (0% TPSM+ 0% Arg)
	Treatments

	
	
	T2

 (50% TPSM+ 
0% Arg)
	T3

 (50%TPSM+ 0.1% Arg)
	T4 (50%TPSM+ 0.2% Arg)
	T5

 (50% TPSM+ 0.3% Arg)
	T6

 (0% TPSM+ 0.1% Arg
	T7 

(0% TPSM+ 

0. 2% Arg)
	T8

 (0% TPSM+ 0.3% Arg)

	Live weight (g)
	1949 ± 61.05
	2132 ± 5.72
	2375 ± 98.80*
	1882 ± 23.33
	2241 ± 41.81
	2104 ± 45.79
	2549 ± 30.95***
	2254 ± 99.30

	Carcass (%)
	53.47 ± 0.73
	58.13 ± 0.34***
	56.79 ± 0.23**
	53.85 ± 0.06
	54.23 ± 0.59
	55.68 ± 0.44*
	54.19 ± 0.03
	56.16 ± 1.14*

	Head (%)
	  5.65 ± 0.10
	  5.67 ± 0.21
	  5.29 ± 0.28
	  5.87 ± 0.03
	  5.60 ± 0.13
	  5.95 ± 0.05
	  5.46 ± 0.1061
	  5.67 ± 0.21

	Neck (%)
	  3.13 ± 0.08
	  3.25 ± 0.19*
	  2.62 ± 0.01
	  2.80 ± 0.04
	  3.20 ± 0.18
	  3.22 ± 0.02
	  3.23 ± 0.07
	  3.06 ± 0.05

	Hind limps (%)
	16.07 ± 0.23
	15.92 ± 0.01
	16.87 ± 0.05
	16.05 ± 0.28
	16.65 ± 0.16
	16.18 ± 0.05
	16.14 ± 0.016
	16.28 ± 0.42

	Fore limps (%)
	  8.66 ± 0.25
	  9.32 ± 0.18*
	  9.07 ± 0.01
	  8.78 ± 0.08
	  8.65 ± 0.23
	  9.08 ± 0.05
	8.74 ± 0.05
	  9.27 ± 0.25

	Chest (%)
	  8.72 ± 0.12
	  9.36 ± 0.23
	  9.90 ± 0.24
	  9.38 ± 0.32
	10.79 ± 0.46***
	  9.30 ± 0.23
	10.42 ± 0.53**
	  9.33 ± 0.15

	Back (%)
	10.76 ± 0.69
	14.65 ± 0.25***
	13.78 ± 0.48***
	11.86 ± 0.14
	10.44 ± 0.26
	11.82 ± 0.58
	11.37 ± 0.61
	14.27±0.27***

	Groin (%)
	  5.35 ± 0.66
	  4.75 ± 0.09
	5.38±0.17
	  4.93 ± 0.11
	  4.14 ± 0.44
	  4.98 ± 0.08*
	  4.28 ± 0.10
	  5.45 ± 0.12

	Pelt (%)
	13.17 ± 1.35
	12.93 ± 0.02
	12.67±0.30
	14.79 ± 0.45
	12.47 ± 0.68
	15.73 ± 0.24*
	13.6 ± 0.19
	12.51 ± 0.64

	Liver (%)
	  2.38 ± 0.06
	  1.83 ± 0.06
	2.30±0.01
	  2.21 ± 0.03
	  2.04 ± 0.12
	  1.90 ± 0.11
	  1.95±0.04
	  2.28 ± 0.47

	Kidneys (%)
	  0.58 ± 0.01
	  0.55 ± 0.01
	0.52±0.02
	  0.53 ± 0.01
	  0.52 ± 0.01
	  0.51 ± 0.026
	  0.50 ± 0.01
	  0.51 ± 0.04

	Lungs (%)
	  0.59 ± 0.02
	  0.57 ± 0.03
	0.58±0.02
	  0.55 ± 0.01
	  0.56 ± 0.01
	  0.59 ± 0.01
	  0.64 ± 0.01
	  0.57 ± 0.07

	Heart (%)
	  0.26 ± 0.01
	  0.25 ± 0.01
	0.26±0.01
	  0.26 ± 0.01
	  0.24 ± 0.01
	  0.26 ± 0.01
	  0.27 ± 0.01
	  0.27 ± 0.02

	Spleen (%)
	  0.08 ± 0.01
	  0.06 ± 0.01*
	0.07±0.01
	  0.07 ± 0.01
	  0.05± 0.01**
	  0.04 ± 0.10***
	  0.04 ± 0.01***
	  0.03±0.01***


n=5.  ***p<0.001, **p<0.01, *p<0.05 versus control T1 (0%TPSM + 0% Arg). Arg=L-Arginine

Effects of toasted pigeon pea seed meal (TPSM) and arginine/polyamine supplementation diets on total protein (g/L) in the blood of rabbits.

The results presented in figure 1 revealed that, there was a significantly increase (P<0.05) in the values of total protein (g/L) (68.23 ± 1.21abce, 72.22 ± 1.01bcd, 75.50 ± 1.01bcd and 80.59 ± 4.06d) with treatments having TPSM and arginine supplementations (T2, T3, T4 and T5) compared to the control (T1) (58.77 ± 1.52ae). While there was no significant difference in the (57.79 ± 2.09e, 57.87 ± 2.05ae, and 59.89 ± 2.80ae) values of treatments (T6, T7, and T8 respectively) with only arginine supplementations compared to the control (T1).
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Figure 1: Effects of toasted pigeon pea seed meal (TPSM) and arginine/polyamine supplementation diets on total protein (g/L) in the blood of rabbits.
Cost benefit analysis of rabbits fed toasted pigeon pea seed meal (TPSM) and arginine/polyamine supplementation diets.
Table reveals that the lowest cost /kg weight gain was recorded in T2 (781.86 FCFA) while the highest was recorded in T5 (1,877.00 FCFA/kg) compared to the control T1 (900.86 FCFA/kg). The lowest relative cost advantage (-108.25%) with respect to the control (T1) was recorded in T5 while the highest (13.23%) was recorded in T2.
Table 9: Cost benefit analysis of rabbits fed toasted pigeon pea seed meal (TPSM) and arginine/polyamine supplementation diets.

	Parameter
	Treatments

	
	Control T1 
(0% TPSM+
0% Arg)
	T2

(50%TPSM+
0% Arg)
	T3 

(50%TPSM+ 

0.1% Arg)
	T4

 (50%TPSM+ 

0.2% Arg)
	T5 

(50%TPSM+ 0.3% Arg)
	T6 

(0%TPSM+ 

0.1% Arg
	T7 

(0%TPSM+

 0. 2% Arg)
	T8 

(0%TPSM+
0.3%Arg)

	Cost/kg diet (FCFA)
	223.00
	212.03
	   297.03
	     388.03
	     467.03
	    308.40
	   393.40
	   478.40

	Total feed intake (kg)
	  30.50
	   33.12
	     38.10
	       33.70
	       37.33
	      31.64
	     29.72
	     27.49

	Total weight gain (kg)
	    7.55
	     8.98
	     10.51
	         7.60
	         9.41
	        8.55
	     10.61
	    10.29

	Cost/Kg weight gain (FCFA/kg)
	900.86
	 781.77
	1,076.00
	  1,720.00
	  1,877.00
	 1,141.26
	 1,101.96
	1,278.53

	Cost differential (FCFA/kg)
	
	119.09
	 -175.14
	  -819.04
	 -976.04
	 -240.40
	  -201.10
	 -377.14

	Relative cost advantage (%)
	
	  13.23
	   -19.44
	   -90.93
	  -108.25
	    -26.68
	  -22.32
	    -41.86


Discussion

The results of the proximate analyses of experimental ingredients (Raw PSM and Toasted PSM) and diets shown in Table 2. The crude protein content of the raw and processed PSM (16.94 % -18.42% falls within the range (13 - 32%) reported by Amaefule and Onwudike (2000), but lower than the range (21.5 - 27.3%) Ahamefule et al. (2007, 2010); Ogbunugafor et al. (2013); Iorgyer et al. (2013) in Nigeria and Al hafiz et al. (2013) in Sudan. The crude fibre content (9.00 - 9.37 %) was above the range (5.0 - 7.5 %) reported by reported by Amaefule and Obioha, (2005); Ahamefule et al. (2010) and falls within the range (7.3 – 10.0%) reported by Al hafiz et al. (2013). The ME PSM (2983 - 3070) was slightly below the value (3355.00) reported by Iorgyer et al. (2013). The lipids and ash content (2.00 - 2.70% and 4.80% respectively) were above the values (1.05 - 2.10 % and 3.10 - 4.20 %) reported by Al hafiz et al. (2013). Toasting of raw pigeon pea seeds has been reported to improve the crude protein content (Amaefule et al., 2004) and reduce the anti- nutritional factors (Ahamefule et al. (2008), contrally to Ahamefule et al. (2010) who reported that toasting at 1000C in a frying tray has been shown to lower the crude protein content of pigeon pea relative to raw seed. This disparity might be due to the temperature of toasting the seeds because high temperatures will denature some of the proteins in the seeds.

The crude protein content of diets was above the range (15 - 18%) reported by Lebas. (1997); Marten et al., 2002 as nutrient requirements for rabbits. The metabolisable energy (Kcal/KgDM) of this study (3022.00 - 3265.15) was above the range (2400 - 2800) reported by Lebas (1987); Marten et al 2002; Kpehe et al., 2021. Was within the range (3103.50 - 3220.90) reported by. The crude fibre of the experimental diets (8.00 - 9.85%) was highly above the values (4.75 - 5.45%) reported by Amaefule et al. (2005) who fed graded dietary levels of boiled pigeon pea seed, below the range (11.64 - 13.45) reported by Etchu et al. (2012a) who fed graded levels of brewers dried grain to weaner rabbits and falls within the range reported by Gidene and Jehl, 2023 of average fibre digestibility of less than 20%.

The variation in the chemical composition of PSM is influenced by geographical location, cultivar, soil and growth condition (Ahamefule et al., 2007), the methods of processing and chemical analyses used. The differences observed in the calculated values and the analysed proximate composition of the experimental diets may have been due to the variations between the standard tabulated nutrient content values used in the calculations and the actual nutrient content of the ingredients used in the study. 

There was no significant difference in the average daily feed intake (table z) between treatments and within weeks for all treatments (P>0.05). Ahamefule et al. (2007) fed raw and processed PSM to weaner bucks and recorded a significant difference (P<0.05) among the treatments. The same result was recorded by Etchu et al.(2012a) who fed varying levels of brewers dried grain to weaner rabbits (P<0.05). The average feed intake in this study (81.84 - 113.40g) was above the values (77.00 - 86.57g), (64.00 - 68.28g) reported by Etchu et al., 2012a and Ibitoye et al., 2020 respectively. The toasting of the seeds has eliminated most of the ANFs to tolerable level such as Saponins which have been reported to cause depressions in feed intake. Ruminants can breakdown saponins but monogastric cannot (Amoah et al., 2018). The average feed intake in all the treatments increased within the weeks during the study because, rabbits generally require high maintenance energy because of their high surface to body weight ratio which increases with age. This agrees with Ahamefule et al., 2007

There was no significant difference (P>0.05) in the average daily weight gain (g) and average daily growth rate (%) between treatments and within weeks (Table 4). The same result was recorded by Etchu et al. (2012a) who fed varying levels of brewers dried grain to weaner rabbits. The average daily growth rate of T4 was slightly below the range (2.00 - 2,29%) reported by Etchu et al. (2012a) while for the other treatments were slightly above

The average FCR ranges between (4.38 - 7.21) falls withing the range reported by Ahamefule et al. (2007) There was no significant difference in the average weekly feed efficiency (P>0.05). The values (21.51 - 29.73%) observed in this study were similar to the values reported by Etchu et al., 2012a 

The results presented in table 8, the effects of toasted PSM and arginine/polyamine supplementation diets on carcass and organs characteristics of weaner rabbits revealed that, there was a significant difference (P<0.05) on the dressed carcass (%) of all the treatments compared to the control (T1). The dressed carcass values range between (53.40 - 58.13) was higher than the values (48.14 - 51.21%) reported by Ibitoye et al 2020. Also, the treatments (T2, T3, T4, T5, T6, T7 and T8) that have TPSM and or Arginine recorded a better dressed carcass compared to the control (T1). Arginine is a limiting amino acid in Soya beans and maize. Supplementation of diets with Arg will improve on carcass yield because Arg is involved in the synthesis of polyamines which in turn are associated with the release of growth hormones, cell division, protein synthesis and tissue growth. This agrees with Murakami et al 2012. The results also revealed that, there was no significant difference (P>0.05) on the liver, kidneys, heart and lungs. There was a significant difference (P<0.05) with the parts neck, fore limbs, chest back and spleen compared to the control.
The total protein values (57.79 - 80.59 g/L) were far above the values (2.90 - 4.73 g/dL) reported by Ahamefule et al. (2008) with raw, boiled, toasted and soaked PSM diets. It is possible that the dietary proteins were fully utilised by the animals within each treatment group, and probably the processing methods facilitated total protein availability. This was contrary to the observation made by Ahamefule et al. (2008). This variation might be due to the different methods of analyses used. The values of the total protein in the toasted PSM + Arg diets (T2, T3, T4 and T5) were higher than in the control (T1), significantly increases with higher levels of Arg. 

The cost benefit analysis revealed that, T2 (50% TPSM+0% Arg) had the best cost/kg weight gain (781.77 FCFA/kg) compared to the control T1 (0% TPSM+0% Arg) (900.86 FCFA/kg) and the other treatments, cheaper cost in the diets to produce weaner rabbits. T3 (50% TPSM+0.1% Arg), T6 (0% TPSM+0.1% Arg) and T7 (0% TPSM+0.2% Arg yield almost the same output with respect to cost /kg weight gain (1076.00, 1141.26, 1101.96 FCFA/kg respectively) compared to the control T1 (900.86 FCFA/kg) with slightly higher values.
4. Conclusion
From the results obtained, it was observed that toasting method was quite effective in removing the anti-nutritional elements  to tolerable level in the pigeon pea, T2 (50% TPSM+0% Arg) had the best cost/kg weight gain compared to the control T1 (0% TPSM+0% Arg) and the other treatments, cheaper cost in the diets to produce weaner rabbits and that toasted pigeon pea seed meal and arginine supplementation possess good dietary protein quality for optimal growth of rabbits and can be incorporated in the rabbits diets up to (50% TPSM+0.3 % Arg) inclusion levels without any detrimental effects on the performance, carcass weights of growing rabbits. Treatment (T3) (50% TPSM+0.1% Arg) had the best performance and could be recommended.
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